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APPEAL BRIEF 

Sir: 

On October 30, 2006, Applicant appealed to the Board of Patent Appeals from the 
final rejection of claims 94-163, 165-175, and 177-183. The following is Applicant's 
Appeal Brief submitted pursuant to 37 C.F.R. §41.37. 

Real Party in Interest 

The real party in interest is Abbot Vascular Inc., which is a subsidiary of Abbott 
Laboratories. 

Related Appeals and Interferences 

Appellants, Appellants' legal representatives and the assignee are not aware of 
any related appeals, judicial proceedings or interferences which may be related to, 
directly affect or be directly affected by or have a bearing on the Board's decision in this 
appeal. 
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Status of Claims 

Claims 94-163, 165-175, and 177-183 are pending, are finally rejected, and form 
the subject of this appeal. Claims 1-93 are cancelled. Claims 164 and 176 are 
withdrawn. 

Status of Amendments 

There are no unentered amendments. 
Summary of Claimed Subject Matter 

The pending claims include four independent claims: claims 94, 110, 160, and 

172. 

Independent claim 94 is directed to a manufacturing method that includes the step 
of causing a coating dispenser (22) to be moved, for the application of a coating 
substance (10), along a path defined by a pattern of a frame structure of a stent (12) such 
that the coating dispenser (22) avoids the application of the coating substance (10) in a 
space between the frame structures (68) (see Figure 6A and specification between page 
24, line 25, and page 25, line 3). 

Independent claim 1 1 0 is directed to a manufacturing method that includes the 
step of causing a stent (12) to be moved such that the positioning of a dispenser (22), for 
the application of a coating substance (10), is maintained along a path defined by a 
pattern of a frame structure of the stent (12) such that the dispenser (22) avoids 
application of the coating substance (10) in a space between the frame structures (68) (see 
Figure 6 A and specification at page 24, lines 17-24). 

Independent claim 1 60 is directed to a manufacturing method that includes the 
step of causing a coating dispenser (22) to move along a framework (68) of a stent (12) 
from a first position (74) to a second position (76) by a means including operation of a 
computer for depositing a coating material (10) on the framework (68) of the stent (12) 
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wherein the movement of the dispenser (22) from the first position (74) to the second 
position (76) is dictated by a pattern of the framework (68) of the stent (12) such that the 
dispenser (22) is moved along a pathway of the pattern of the framework (68) between 
the first position (74) and the second position (76) (see Figures 6A and 9A-9B and 
specification between page 24, line 25, and page 25, line 3, and at page 26, lines 12-24). 

Independent claim 172 is directed to a manufacturing method that includes the 
step of causing a stent (12) to move from a first position (74) to a second position (76) by 
a means including operation of a computer such that the positioning of a dispenser (22), 
for application of a coating substance (10), is maintained along a framework (68) of the 
stent (12) and when the stent (12) is moved the dispenser (22) stays within a pathway of a 
pattern of the framework (68) between the first position (74) and the second position (76) 
(see Figures 6A and 9A-9B and specification at page 24, lines 17-24, and page 26, lines 
12-24). 

In claim 160, the means including operation of a computer for depositing a 
coating material (10) on the framework (68) of the stent (12) includes a reservoir (24), 
nozzle (26) having an orifice (28), dispenser motion control system (32), dispenser 
driving component (34), and CPU (20), wherein the dispenser motion control system (32) 
is in communication with the CPU (20) and is coupled to the dispenser driving 
component (34) (see Figure 1 and specification at page 12, lines 3-14). 

In claim 1 72, the means including operation of a computer includes a holder 
assembly (14), a holder motion control system (16), a holder driving component (18), and 
a CPU (20), wherein the holder motion control system (16) is in communication with the 
CPU (20) and is coupled to the holder assembly (14) (see Figure 1 and specification at 
page 12, lines 3-14). 
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Grounds of Rejection to Be Reviewed on Appeal 

Whether claims 94-163, 165-175, and 177-183 are indefinite under 35 U.S.C. 
§112, second paragraph, for failing to particularly point out and distinctly claim the 
subject matter which Applicants regard as the invention. 

Whether claims 110, 111, 114, 117-120, 125, 126, 132, 156, and 159 were 
anticipated by Tuch (U.S. Patent 5,679,400) under 35 U.S.C. § 102(b). 

Whether claims 94, 95, 98, 101, 102, 103, 109, 130, 140, 141, 154, 158, 159-163, 
165-167, 172-175, and 177-179 are unpatentable under 35 U.S.C. § 103(a) over Tuch. 

Argument 

Rejection of claims 94-163, 165-175, and 177-183 under 35 U.S.C. §112. second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which Applicants regard as the invention. 

The Examiner rejected each of independent claims 94, 110, 160, and 172 (the 
claims depending therefrom) as unclear. In the Office Action of March 1 0, 2006, the 
Examiner contended that "[t]he claims are directed to a 'manufacturing method... for the 
application of a coating substance' or some variation thereof, however the method steps 
do not accomplish the stated purpose of the claim." The Examiner further contended that 
"[t]here are no active method steps of applying a coating substance and it is unclear if 
Applicant requires a coating step." The Examiner then suggested that a step of applying 
a coating substance be included in the claimed invention. 

Claims 94-126, 128-130, 132-147, 150, 151, 153-163, 165-175, and 177-183 

With respect to claims 94-126, 128-130, 132-147, 150, 151, 153-163, 165-175, 
and 177-183, the Examiner's rejection is improper for any one of the following reasons. 
First, Applicants respectfully disagree with the Examiner's contention that "[t]he claims 
are directed to a 'manufacturing method... for the application of a coating substance' or 
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some variation thereof...." In claim 94, for example, the claim language "for the 
application of a coating substance" does not define the "manufacturing method." Instead, 
it defines the step of "causing a coating dispenser to be moved." The Examiner omitted 
the language "causing a coating dispenser to be moved" making it appear that the 
language "for the application of a coating substance" defines the term "manufacturing 
method." This is also the case in the other independent claims. In each of independent 
claims 110 and 172, the claim language "for the application of a coating substance" 
defines "the positioning of a dispenser." In claim 160, the claim language "depositing a 
coating material on the framework of the stent" defines "a means." Therefore, the 
contention that forms the basis for the rejection is incorrect. 

Second, the Examiner's requirement that the claims include the step of applying a 
coating substance cannot be justified. A rejection based on the ground that a critical or 
necessary limitation is missing should be made only when the language of the 
specification or a statement by the applicant makes it clear that the limitation is critical or 
essential for the invention. Manual of Patent Examination. Procedure, 8th Ed., Rev. No. 
5, §§2164.08(c) and 2172.01 (2006). The Examiner has provided no evidence that the 
specification or Applicants have specified that the step of applying a coating is critical or 
essential to the claimed invention. 

In the final Office Action of July 31, 2006, the Examiner attempted to establish 
the required criticality or essentiality by arguing that "all method embodiments 
throughout the specification require application of a coating substance." This, however, 
is insufficient to establish the required criticality or essentiality. Patent law does not 
require that an element present in all described embodiments be included in the claims. 
Indeed, in almost all patents, the described embodiments have more elements than the 
claims. In many cases, the additional elements are described to meet the description, 
enablement and best mode requirements, not because they are critical or essential to the 
claimed invention. 
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It should be noted that what is essential to the actual device or method is not 
necessarily essential to the claimed device or method. For example, an actual passenger 
vehicle has many components essential to its operation, such as wheels, brakes, a power 
plant, a transmission, a steering wheel, and etc. But a claim directed to a passenger 
vehicle need not include any of these components unless they are essential to the claimed 
passenger vehicle. Applicants believe that the Examiner failed to recognize this point. 

In conclusion, the step of applying a coating substance is not critical or essential 
to the claimed invention. Therefore, the failure to include this step in the claims does not 
render the claims indefinite. Reversal of the rejection is respectfully requested. 

Claims 127, 131, 148, 149, and 152 

It is improper to reject claims 127, 131, 148, 149, and 152 as indefinite on the 
ground that they don't recite the application of a coating substance, because each of the 
claims does in fact recite the application of a coating substance. Additionally, the 
rejection is improper for the same reasons as discussed above in connection with the 
other rejected claims. Reversal of the rejection is respectfully requested. 

Rejection of claims 110. 111. 114. 117-120. 125. 126, 132, 156, and 159 as being 
anticipated by Tuch OJ.S. Patent 5,679,400) under 35 U.S.C. $ 102(b) 

Claims 110, 111, 114, 117, 118, 120, 132, 156, and 159 

Independent claim 1 10 recites a manufacturing method, which recites the step of 
"causing a stent to be moved such that the positioning of a dispenser, for the application 
of a coating substance, is maintained along a path defined by a pattern of a frame 
structure of the stent such that the dispenser avoids application of the coating substance in 
a space between the frame structures." In other words, the stent is moved to avoid 
application of the coating substance in a space between frame structures. Each of claims 
1 1 1, 1 14, 117, 118, 120, 132, 156, and 159 depends from claim 1 10 and therefore 
indirectly recites this limitation. 
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Figure 1 of the present application illustrates an exemplary system that may be 
used to carry out certain aspects of the claimed method. The exemplary system, as 
described in the specification, includes a holder motion control system (16) that may be 
used to control the movement of a prosthesis (12), such as a stent, mounted on the holder 
(14) (specification at page 12, lines 3-14). The system includes also a dispenser motion 
control system (32) that may be used to control the movement of the dispenser (22) 
(specification at page 15, lines 10-23). The dispenser (22) has a nozzle (26) for applying 
a coating substance on the prosthesis (12) (specification at page 14, lines 1-25). 

As described in the specification (page 24, line 17 to page 27, line 16), this system 
can precisely control the application of a coating substance to avoid application of the 
coating substance in a space between frame structures. This can be accomplished by 
moving the dispenser (22), the prosthesis (12), or both, according to the pattern of stent 
frame structure (specification at page 24, line 17 to page 25, line 12). Figures 8-14 
illustrate some of the coating patterns that can be applied by the system. 

The claimed invention has a number of advantages over the prior art. In the prior 
art, as described in the Background section of the present application, spray-coating 
involves enveloping the entire stent, or an entire section of the stent, in a cloud of coating 
substance (page 2, line 30 to page 3, line 6). As a result, the coating substance is sprayed 
both on the frame structures and in the spaces between the frame structures. One 
disadvantage of this indiscriminating spraying is the inability of the coating device to 
control the exact geometrical coating pattern on the stent (specification at page 3, lines 2- 
3). Another disadvantage is the possibility of forming web-like defects by build-up of 
coating substance within the radii of the stent (specification at page 3, lines 3-6). 

The coating method of Tuch is no different from the prior art described in the 
Background section of the present application. Tuch discloses that "stents were sprayed 
with the solution in short bursts while rotating the stents" and "[t]he process was 
continued until all of the stent wires were coated" (see Example 1). Tuch discloses also 
that "[s]tents were rotated 5/16 of a turn after each burst and sprayed initially with 50 
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bursts/end" and "[a]fter at least 4 hours of air drying, the stents were fixtured at the other 
end and the second half was coated" (see Example 9). The coating method of Tuch does 
not distinguish between stent frame structures and the spaces between the frame 
structures. As a result, it is inevitable that the coating substance is sprayed both on the 
frame structures and in the spaces between the frame structures. Therefore, it is 
impossible to control the exact geometrical pattern of coating on the stent and to avoid 
web-like defects within the radii of the stents. 

Turning now to the differences between the method of claim 110 and Tuch, claim 
1 10 recites " causing a stent to be moved such that the positioning of a dispenser, for the 
application of a coating substance, is maintained along a path defined by a pattern of a 
frame structure of the stent such that the dispenser avoids application of the coating 
substance in a space between the frame structures " (emphasis added). In other words, the 
stent is moved to avoid application of the coating substance in a space between frame 
structures. 

In Tuch, the stent is moved (i.e., rotated) to allow a nozzle to spray a new area of 
the stent. There is no disclosure in Tuch that the rotation of the stent is to avoid 
"application of the coating substance in a space between the frame structures." On the 
contrary, Tuch 's coating method will almost inevitably apply some coating substance in 
all stent spaces. As a result, a stent coated with Tuch 's method may have web-like 
coating defects within the radii of the stent. Therefore, Tuch does not anticipate claim 
110. 

According to the Examiner, "Tuch teaches coating a stent with a dispenser using 
spray bursts" and "[b]etween spray bursts, there is a time delay during which the stent is 
moved or rotated (Example 9; Example 1)" (page 4 of Office Action dated March 13, 
2006). The Examiner, the "movement of the stent occurs between coating bursts, 
therefore, the movement avoids application of coating substance in a space between 
frame structures because, in fact, during this time of movement, application is avoided 
altogether" (page 4 of Office Action dated March 13, 2006). 
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Applicants respectfully disagree with the Examiner's contention that Tuch teaches 
the "the movement [of the stent] avoids application of coating substance in a space 
between frame structures." In Tuch, as the Examiner indicated, the "movement of the 
stent occurs between coating bursts" (emphasis added). In other words, the movement of 
the stent takes place when spraying is stopped. Therefore, the stent is not moved to avoid 
application of coating substance in a stent space, because there is no application of 
coating substance during stent movement. Instead, the stent is moved (i.e., rotated) to 
allow the nozzle to spray a new area of the stent. The fact that there is no application of 
coating substance during stent movement does not mean that the stent is moved to avoid 
application of coating in a stent space. 

Applicants also disagree with the Examiner's contention that teaching stopping 
spraying altogether momentarily is the same as teaching avoiding application of the 
coating substance in a stent space. Tuch teaches stopping spraying altogether between 
spraying bursts to rotate the stent, but the spraying is not stopped to avoid application of 
the coating substance in a stent space. In fact, when the spraying is resumed, it is almost 
inevitable that the coating substance will be applied in stent spaces. Using the logic that 
stopping spraying altogether means avoiding spraying into a stent space, one would reach 
the absurd conclusion that stopping spraying altogether means avoiding spraying onto the 
stent and Tuch teaches avoiding applying a coating onto the stent. 

The Examiner also argued that "Tuch teaches coating only one half of the stent at 
a time, therefore, coating is not applied in 'a space' of the end not being coated." This 
argument is equally flawed. When a first half of the stent is being coated, the coating 
substance will almost inevitably be applied in the spaces in the first half. Although at this 
moment the coating substance may not be applied in the spaces in the second half, the 
coating substance will almost inevitably be applied in the spaces in the second half when 
the stent is turned around for coating the second half. 

In conclusion, Tuch does not anticipate claim 1 10 for at least two reasons. First, 
Tuch does not teach that a stent is moved to avoid application of the coating substance in 



9 



Application No. 10/602,487 
Appeal Brief 
January 29, 2007 

a space between frame structures. Second, Tuch does not teach avoiding application of 
the coating substance in a space between frame structures. Reversal of the rejection is 
respectfully requested. 

Claim 119 

Claim 1 19 teaches that "the dispenser is capable of rotating about the 
circumference of the stent." Tuch, on the other hand, does not teach a dispenser that is 
capable of moving, let alone capable of rotating about the circumference of the stent. 
Reversal of the rejection is respectfully requested. 

Claim 126 

Claim 126 recites that the stent is capable of being moved in intervals of less than 
0.001 inches. The Examiner did not even mention this limitation in her rejection. 
Reversal of the rejection is respectfully requested. 

Rejection of claims 94. 95. 98, 101. 102. 103. 109. 130. 140, 141. 154. 158. 159-163. 
165-167, 172-175. and 177-179 as being unpatentable under 35 U.S.C. §103(a) over Tuch 

Claims 94, 95, 98, 101, 102, 103, 109, 130, 140, 141, 154, 158, and 159 

Applicants' arguments as set forth above against the rejection under 35 U.S.C. 
§ 102(b) are applicable to this rejection of claims 94, 95, 98, 101, 102, 103, 109, 130, 140, 
141, 154, 158, and 159. It suffices to point out that Tuch does not teach avoiding 
application of the coating substance in a space between frame structures and that Tuch 
also does not teach causing a dispenser or a stent to be moved to avoid application of the 
coating substance in a space between frame structures. Reversal of the rejection is 
respectfully requested. 
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Claims 160-163 and 165-167 

The rejection of claims 160-163 and 165-167 is improper because the Examiner 
failed to address several limitations of the claims. 

The initial burden of proof in establishing a rejection based on any statutory 
ground rests with the examiner. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 
1444 (Fed. Cir. 1992). Where a claim is refused for any reason relating to the merits 
thereof the ground of rejection should be fully and clearly stated. Manual of Patent 
Examination Procedure, 8th Ed., Rev. No. 5, §707.07(d) (2006); see also 37 CFT 
1.104(c)(2). 

The Examiner has not met the initial burden of establishing that Tuch renders 
claims 160-163 and 165-167 obvious. For example, the Examiner has not fully and 
clearly stated why Tuch teaches the limitations of "causing a coating dispenser to move 
along a framework of a stent from a first position to a second position" and "movement 
of the dispenser from the first position to the second position is dictated by a pattern of 
the framework of the stent" (see claim 160). In fact, the Examiner failed to even mention 
the limitations in her rejection. 

Therefore, Applicants respectfully request reversal of the rejection. 

Claims 1 72-1 75 and 1 77-1 79 

The rejection of claims 172-175 and 177-179 is improper because the Examiner 
failed to address several limitations of the claims. 

The Examiner has not met the initial burden of establishing that Tuch renders 
claims 172-175 and 177-179 obvious. For example, the Examiner has not fully and 
clearly stated why Tuch teaches the limitation that "when the stent is moved the dispenser 
stays within a pathway of a pattern of the framework between the first position and the 



11 



Application No. 10/602,487 
Appeal Brief 
January 29, 2007 

second position" (see claim 172). In fact, the Examiner failed to mention the limitation 
in her rejection. 

Therefore, Applicants respectfully request reversal of the rejection. 

The Commissioner is hereby authorized to charge any necessary fees or any 
deficiency in fees, or credit any overpayment, to Deposit Account No. 07-1850. 



Respectfully submitted, 



Date: January 29, 2007 



/Song Zhu, Reg. No. 44,420/ 



Squire, Sanders & Dempsey L.L.P. 
One Maritime Plaza 
Suite 300 

San Francisco, C A 94111 
Facsimile (415)393-9887 
Telephone (415) 954-0241 
szhu@ssd.com 



Song Zhu, Ph.D. 
Attorney for Applicants 
Reg. No. 44,420 
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Claims Appendix 

94. A manufacturing method, comprising: 

causing a coating dispenser to be moved, for the application of a coating 
substance, along a path defined by a pattern of a frame structure of a stent such that the 
coating dispenser avoids the application of the coating substance in a space between the 
frame structures. 

95. The method of Claim 94, additionally including causing the coating 
dispenser and the stent to be positioned next to or in contact with each other. 

96. The method of Claim 94, additionally including applying heat from the 
dispenser to the substance applied to the frame structure to solidify the substance on the 
frame structure. 

97. The method of Claim 94, additionally including coordinating the flow rate 
of the substance out from the dispenser to prevent any significant overflow of the 
substance off of the frame structure. 

98. The method of Claim 94, wherein the substance comprises a therapeutic 
substance. 

99. The method of Claim 94, wherein the dispenser comprises an ink-jet 
printhead or a microinjection syringe. 

1 00. The method of Claim 94, wherein the dispenser comprises a heat source to 
apply heat to the coating substance. 

101. The method of Claim 94, wherein the path is between a first position and a 
second position along a segment of the pattern of the frame structure. 

102. The method of Claim 94, wherein the stent is maintained in a stationary 
position. 
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103. The method of Claim 94, wherein the stent is capable of moving 
independently of the dispenser. 

104. The method of Claim 94, wherein the movement of the dispenser is 
controlled by a central processing unit. 

105. The method of Claim 94, wherein the movement of the dispenser is 
controlled by a central processing unit and a feedback system to provide information 
about the pattern of the frame structure, a characteristic of the frame structure, or the 
positioning of the dispenser relative to the frame structure to the central processing unit. 

106. The method of Claim 94, wherein the path along which the coating 
dispenser is moved is a non-linear path. 

107. The method of Claim 94, wherein the dispenser is at an angle of less than 
90 degrees to the surface of the frame structure. 

108. The method of Claim 94, wherein the dispenser is moved in intervals. 

109. The method of Claim 94, wherein the dispenser is capable of moving in 
intervals of less than 0.001 inches. 

110. A manufacturing method, comprising: 

causing a stent to be moved such that the positioning of a dispenser, for the 
application of a coating substance, is maintained along a path defined by a pattern of a 
frame structure of the stent such that the dispenser avoids application of the coating 
substance in a space between the frame structures. 

111. The method of Claim 1 1 0, additionally including causing the stent and the 
coating dispenser to be positioned next to or in contact with each other. 

112. The method of Claim 1 10, additionally including applying heat from the 
dispenser to the substance to solidify the substance on the frame structure. 
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113. The method of Claim 1 1 0, additionally including coordinating the flow 
rate of the substance out from the dispenser so as to prevent any significant overflow of 
the substance off of the frame structure. 

114. The method of Claim 1 10, wherein the substance comprises a therapeutic 
substance. 

1 15. The method of Claim 110, wherein the dispenser comprises an ink-jet 
printhead or a microinjection syringe. 

116. The method of Claim 1 10, wherein the dispenser comprises a heat source 
to apply heat to the coating substance. 

117. The method of Claim 1 1 0, wherein the path is between a first position and 
a second position along a segment of the pattern of the frame structure. 

118. The method of Claim 110, wherein the dispenser is held in a stationary 
position. 

119. The method of Claim 1 10, wherein the dispenser is capable of rotating 
about the circumference of the stent. 

120. The method of Claim 1 10, wherein the dispenser is capable of moving 
independently of the stent. 

121 . The method of Claim 1 10, wherein the movement of the stent is controlled 
by a central processing unit. 

122. The method of Claim 110, wherein the movement of the stent is controlled 
by a central processing unit and a feedback system to provide information about the 
pattern of the frame structure, a characteristic of the frame structure, or the positioning of 
the stent relative to the dispenser to the central processing unit. 
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123. The method of Claim 110, wherein the path of the pattern of the frame 
structure is non-linear. 

1 24. The method of Claim 1 1 0, wherein the dispenser is at an angle of less than 
90 degrees to the surface of the frame structure. 

125. The method of Claim 1 10, wherein the stent is moved in intervals. 

126. The method of Claim 110, wherein the stent is capable of being moved in 
intervals of less than 0.001 inches. 

127. The method of Claim 94, wherein the coating substance is applied to an 
outer surface of the frame structure such that the method is configured to avoid 
application of the coating substance on a sidewall of the frame structure. 

128. The method of Claim 94, additionally comprising causing the stent to be 
moved in concert with the dispenser so as to maintain the positioning of the dispenser 
along the path of the pattern of the frame structure and/or so as to maintain the dispenser 
next to or in contact with the stent. 

129. The method of Claim 94, wherein the dispenser is maintained in close 
proximity to or in contact with the stent for the application of the coating substance. 

1 30. The method of Claim 94, wherein the stent is maintained in close 
proximity to or in contact with the dispenser for the application of the coating substance. 

131. The method of Claim 1 1 0, wherein the coating substance is applied to an 
outer surface of the frame structure such that the method is configured to avoid 
application of the coating substance on a sidewall of the frame structure. 

1 32. The method of Claim 1 1 0, wherein the stent is maintained in close 
proximity to or in contact with the dispenser for the application of the coating substance. 
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133. The method of Claim 1 1 0, wherein the dispenser is maintained in close 
proximity to or in contact with the stent for the application of the coating substance. 

134. The method of Claim 1 10, additionally comprising causing the dispenser 
to be moved in concert with the stent so as to maintain the positioning of the dispenser 
along the path of the pattern of the frame structure and/or so as to maintain the dispenser 
next to or in contact with the stent. 

135. The method of Claim 105, wherein the feedback system includes a video 
means for capturing a video image or a still frame image. 

136. The method of Claim 122, wherein the feedback system includes a video 
means for capturing a video image or a still frame image. 

137. The method of Claim 94, wherein the movement or operation of the 
dispenser is operated by a computer and means for providing information about the stent 
to the computer. 

138. The method of Claim 94, wherein the movement or operation of the 
dispenser is controlled by a computer and means for capturing an image or video images 
and converting the images) into data format. 

139. The method of Claim 94, wherein the dispenser is in communication with 
means for obtaining information about the stent and for converting the information into 
data. 

140. The method of Claim 94, wherein the dispenser is in communication with a 
computer for controlling the operation of the dispenser. 

141 . The method of Claim 94, wherein the dispenser is in communication with a 
means for controlling the delivery of the coating substance out from the dispenser. 
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142. The method of Claim 94, wherein the dispenser is in communication with a 
means for controlling the deposition patter of the coating substance out from the 
dispenser. 

143. The method of Claim 94, wherein the dispenser is in communication with a 
means for controlling the deposition pattern of the coating substance by controlling the 
motion of the dispenser. 

144. The method of Claim 1 10, wherein the movement of the stent is operated 
by a computer and means for providing information about the stent to the computer. 

145. The method of Claim 1 10, wherein the movement of the stent is controlled 
by a computer and means for capturing an image or video images and converting the 
image(s) into data format. 

146. The method of Claim 1 10, wherein the dispenser is in communication with 
means for obtaining information about the stent and for converting the information into 
data. 

147. The method of Claim 110, wherein the dispenser and the stent are in 
communication with a computer for controlling the operation of the coating deposition. 

148. The method of Claim 94, wherein the coating substance is applied 
exclusively to an outer surface of the frame structure. 

149. The method of Claim 110, wherein the coating substance is applied 
exclusively to an outer surface of the frame structure. 

150. The method of Claim 94, wherein a width of the coating substance applied 
to an outer surface of the frame structure is less that the width of the frame structure on 
which the coating substance is applied. 
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151. The method of Claim 1 10, wherein a width of the coating substance applied 
to an outer surface of the frame structure is less that the width of the frame structure on 
which the coating substance is applied. 

152. The method of Claim 94, wherein the coating substance is applied to an 
outer surface of the frame structure and at least a segment of a side wall of the frame 
structure. 

153. The method of Claim 1 10, wherein the coating substance is applied to an 
outer surface of the frame structure and at least a segment of a side wall of the frame 
structure. 

154. The method of Claim 94, wherein the coating substance is applied on a 
surface of the frame structure. 

155. The method of Claim 94, wherein the coating substance is applied on a 
coating deposited on the surface of the frame structure. 

156. The method of Claim 1 10, wherein the coating substance is applied on a 
surface of the frame structure. 

157. The method of Claim 110, wherein the coating substance is applied on a 
coating deposited on the surface of the frame structure. 

158. The method of Claim 94, wherein the coating substance comprises a 
polymer. 

159. The method of Claim 110, wherein the coating substance comprises a 
polymer. 

160. A manufacturing method, comprising 

causing a coating dispenser to move along a framework of a stent from a first 
position to a second position by a means including operation of a computer for depositing 
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a coating material on the framework of the stent wherein the movement of the dispenser 
from the first position to the second position is dictated by a pattern of the framework of 
the stent such that the dispenser is moved along a pathway of the pattern of the 
framework between the first position and the second position. 

161. The method of Claim 160, additionally comprising causing the stent to 
move for adjusting the position of the stent with respect to the dispenser. 

162. The method of Claim 160, additionally comprising causing the stent to 
move in concert with the dispenser so as to maintain the dispenser within the pathway of 
the pattern of the framework. 

163. The method of Claim 160, wherein the pathway between the first position 
and the second position includes a bend or a curvature. 

165. The method of Claim 160, wherein the dispenser does not make contact with 
the stent during movement along the pathway. 

166. The method of Claim 160, wherein the coating material includes a polymer 
and/or a drug. 

167. The method of Claim 160, additionally comprising causing the stent to 
move so as to position or maintain the dispenser next to or in contact with the stent. 

168. The method of Claim 160, wherein the means additionally includes a 
dispenser motion control system in communication with the computer. 

169. The method of Claim 168, wherein the means additionally includes a 
dispenser driving component in communication with the dispenser motion control 
system. 

170. The method of Claim 160, wherein the means additionally includes a 
dispenser driving component in communication with the computer. 
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171. The method of claim 160, wherein the means additionally includes a 
feedback system in communication with the computer. 

172. A manufacturing method, comprising 

causing a stent to move from a first position to a second position by a means 
including operation of a computer such that the positioning of a dispenser, for application 
of a coating substance, is maintained along a framework of the stent and when the stent is 
moved the dispenser stays within a pathway of a pattern of the framework between the 
first position and the second position. 

173. The method of Claim 172, additionally comprising causing the dispenser to 
move for adjusting the position of the dispenser with respect to the stent. 

174. The method of Claim 172, additionally comprising causing the dispenser to 
move in concert with the stent so as to maintain the dispenser within the pathway of the 
pattern of the framework. 

175. The method of Claim 172, wherein the pathway between the first position 
and the second position includes a bend or a curvature. 

177. The method of Claim 172, wherein the dispenser does not make contact with 
the stent during movement along the pathway. 

178. The method of Claim 172, wherein the coating material includes a polymer 
and/or a drug. 

179. The method of Claim 172, additionally comprising causing the dispenser to 
move so as to position or maintain the stent next to or in contact with the dispenser. 

180. The method of Claim 172, wherein the means additionally includes a stent 
motion control system in communication with the computer. 
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181. The method of Claim 1 80, wherein the means additionally includes a stent 
driving component in communication with the stent motion control system. 

1 82. The method of Claim 172, wherein the means additionally includes a stent 
driving component in communication with the computer. 

183. The method of claim 172, wherein the means additionally includes a 
feedback system in communication with the computer. 
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[57] ABSTRACT 

A method for making an intravascular stent by applying to 
the body of a stent a solution which includes a solvent, a 
polymer dissolved in the solvent and a therapeutic substance 
dispersed in the solvent and then evaporating the solvent. 
The inclusion of a polymer in intimate coDtact with a drug 
on the stent allows the drug to be retained on the stent during 
expansion of the stent and also controls the administration of 
drug following implantation. The adhesion of the coating 
and the rate at which the drug is delivered can be controlled 
by the selection of an appropriate bioabsorbable or biostable 
polymer and the ratio of drug to polymer in the solution. By 
this method, drugs such as dexaraethasone can be applied to 
a stent retained on a stent during expansion of the stent and 
elute at a controlled rate. 

11 Claims, 5 Drawing Sheets 
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INTRAVASCULAR STENT AND METHOD 

This is a continuation-in-part of Ser. No.08/052.878 filed 
Apr. 26. 1993. now U.S. Pal. No. 5,464,650. 

BACKGROUND OF THE INVENTION 
This invention relates to intravascular stents for treatment 
of injuries to blood vessels and particularly to stents having 
a framework onto which a therapeutic substance or drug is 
applied. 

Although angioplasty procedures have increased greatly 
in popularity for treatment of occluded arteries, the problem 
of restenosis following the angioplasty treatment remains a 
significant problem. Restenosis is the closure of a peripheral 
or coronary artery following trauma to the artery caused by 
efforts to open an occluded portion of the artery by 
angioplasty, such as, for example, by balloon dilation, 
atherectomy or laser ablation treatment of the artery. For 
these angioplasty procedures, restenosis occurs at a rate of 
about 30-60% depending upon the vessel location, lesion 
length and a number of other variables. 

One aspect of restenosis may be simply mechanical; e.g. 
caused by the elastic rebound of the arterial wall and/or by 
dissections in the vessel wall caused by the angioplasty 
procedure. These mechanical problems have been success- 
fully addressed by the use of stents to tack-up dissections 
and prevent elastic rebound of the vessel, thereby reducing 
the level of restenosis for many patients. The stent is 
typically inserted by catheter into a vascular lumen and 
expanded into contact with the diseased portion of the 
arterial wall, thereby providing internal support for the 
lumen. Examples of stents which have been successfully 
applied over a PTCA balloon and radially expanded at the 
same time as the balloon expansion of an affected artery 
include the stents disclosed in U.S. Pat. No. 4.733,665 
issued to Palmaz, U.S. Pat. No. 4,800.882 issued to Giaot- 
urco and U.S. Pat No. 4.886,062 issued to Wiktor which are 
incorporated herein by reference in their entirety. 

Another aspect of restenosis is believed to be a natural 
healing reaction to the injury of the arterial wall that is 
caused by angioplasty procedures. The final result of the 
complex steps of the healing process is intimal hyperplasia, 
the migration and proliferation of medial smooth muscle 
cells, until the artery is again occluded. 

To address both aspects of the restenosis problem it has 
been proposed to provide stents which are seeded with 
endothelial cells (Dichek. D. A. et al Seeding of Intravas- 
cular Stents With Genetically Engineered Endothelial Cells; 
Circulation 1989; 80: 1347-1353). In that experiment, sheep 
endothelial cells that had undergone retrovirus-mediated 
gene transfer for either bacterial beta-galactosidase or 
human tissue-type plasminogen activator were seeded onto 
stainless steel stents and grown until the stents were covered. 
The cells were therefore able to be delivered to the vascular 
wall where they could provide therapeutic proteins. Other 
methods of providing therapeutic substances to the vascular 
wall include simple heparin-coated metallic stents, whereby 
a heparin coating is ionically or covalently bonded to the 
stent Still other methods of providing therapeutic sub- 
stances to the vascular wall by means of stents have also 
been proposed such as in U.S. Pat. No. 5.102.417 issued to 
Palmaz or in international patent application WO 91/12779 
"Intraluminal Drug Eluting Prosthesis" and international 
patent application WO 90/13332 "Stent With Sustained 
Drug Delivery". In those applications, it is suggested that 
antiplatelet agents, anticoagulant agents, antimicrobial 



agents, antimetabolic agents and other drugs could be sup- 
plied in stents to reduce the incidence of restenosis. 

Metal stents such as those disclosed in U.S. Pat No. 
4.733.665 issued to Palmaz. U.S. Pat No. 4.800,882 issued 
s to Gianturco or U.S. Pat No. 4,886.062 issued to Wiktor 
could be suitable for drug delivery in that they are capable 
of maintaining intimate contact between a substance applied 
to the outer surface of the stent and the tissues of the vessel 
to be treated. However, there are significant problems to be 
10 overcome in order to secure a therapeutically significant 
amount of a substance onto the metal of the stent; to keep it 
on the stent during expansion of the stent into contact with 
the blood vessel wall; and also controlling the rate of drug 
delivery from the drug on the stent to the vessel wall. 
15 It is therefore an object of the present invention to provide 
a stent having a therapeutically significant amount of a drug 
applied thereto. 

It is also an object of the present invention to provide a 
stent which may be delivered and expanded in a selected 
20 blood vessel without losing a therapeutically significant 
amount of a drug applied thereto. 

It is also an object of the present invention to provide a 
drug-containing stent which allows for a sustained release of 
a the drug to vascular tissue. 

It is also an object of the present invention to provide a 
simple method for applying to a stent a coating of a 
therapeutic substance. 

SUMMARY OF THE INVENTION 
These and other objects are accomplished by the present 
invention. We have discovered an intravascular stent having 
a coating which includes a polymer and a therapeutic 
substance on the body of a stent, and in particular on its 

35 tissue-contacting surface, in which the coating has a greater 
concentration of therapeutic substance on the portion of the 
coating nearest the stent body than near the exterior surface 
of the coating. The inclusion of apolymer in intimate contact 
with a drug on the stent allows the drug to be retained on the 

40 stent in a resilient matrix during expansion of the stent and 
also slows the adrninistration of drug following implanta- 
tion. By placing the greater concentration of the drug toward 
the stent body, control over the rate of administration of the 
drug is significantly improved. The coating can be applied 

45 whether the stent has a metallic or polymeric surface. The 
coating can also be provided by methods which assure 
carefully controlled dosage. 

In one aspect of the invention, the coating is comprised of 
a solid/solid solution of polymer and drug. That is. that the 

50 drug and polymer are both soluble in the same solvent and 
have been intimately admixed in the presence of that sol- 
vent The drug and polymer can be applied by simply 
immersing the stent into the solution or by spraying the 
solution onto the stent The total amount of drug to be 

55 included on the stent can be readily controlled by applying 
multiple thin coats of the solution while allowing it to dry 
between coats. For example, a target dosage of drug is 
determined and the stent body is weighed. A solution of 
polymer, drug and solvent having a predetermined weight 

60 ratio of polymer to drug is applied to the stent body in 
successive thin coats with drying and weighing of the stent 
between coats. When the total weight of coating on the stent 
multiplied by the weight ratio of drug in the coating indi- 
cates that the target dosage has been achieved, no additional 

65 drug/polymer solution is applied. The overall coating should 
be thin enough so that it will not significantly increase the 
profile of the stent for intravascular delivery by catheter. It 
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is therefore preferably less than about 0.002 inch thick and 
most preferably less than 0.001 inch thick. The adhesion of 
the coating and the rate at which the drug is delivered can be 
controlled by the selection of an appropriate bioabsorbable 
or biostable polymer and by the ratio of drug to polymer in 
the solution. By this method, drugs such as glucocorticoids 
(e.g. dexamethasone, betamethasone), heparin, hirudin, 
tocopherol, angiopeptin. aspirin. ACE inhibitors, growth 
factors, oligonucleotides, and, more generally, antiplatelet 
agents, anticoagulant agents, antimitotic agents, 
antioxidants, antimetabolite agents, and anti-inflammatory 
agents can be applied to a stent, retained on a stent during 
expansion of the stent and elute the drug at a controlled rate. 

The release rate of the solid/solid solution of polymer and 
drug is further controlled by varying the ratio of drug to 
polymer in the multiple layers. For example, a higher 
drug-to-polymer ratio in the inner layers than in the outer 
layers would result in a lower initial dose and a total dose 
which would be delivered more evenly and over a much 
longer period of time. In the solid/solid solution of polymer 
and drug, this can be accomplished while maintaining the 
correct therapeutic dosage by applying to a stent which 
already has a coating containing a desired amount of drug, 
a thin coating overlayer or several thin overlayers of the 
same polymer and solvent without the drug while drying the 
stent between each coating layer. Since both the drug and 
polymer are soluble in the solvent, the drug and polymer are 
dissolved slightly in the application of each of the coating 
overlayers which creates a concentration gradient of drug in 
the overlayers that is sharply reduced from that in the main 
coating nearest the stent body. 

In another aspect of the invention, the coating need not be 
a solid/solid solution of polymer and drug, but may instead 
be provided from any combination of drug and polymer 
applied to the stent. The coating is provided with a greater 
concentration of drug on the portion of the coating nearest 
the stent body by pre-eluting the stent That is. a solution of 
solvent and polymer together with a dissolved or dispersed 
drug is applied to a stent body as set forth above to a desired 
amount of drug on the stent. The stent is then immersed into 
a solution which has a greater solubility for the drug than for 
the polymer. For example, water or a saline solution may be 
used. The stent remains in the solvent for a pre-defined 
period of time under controlled conditions such that a known 
quantity of the drug is eluted from the stent. The stent is then 
dried, sterilized and packaged with the desired amount of 
drug remaining on the stent 

In operation, the stent made according to the present 
invention can deliver drugs to a body lumen by introducing 
the stent transluminally into a selected portion of the body 
lumen and radially expanding the stent into contact with the 
body lumen. The transluminal delivery can be accomplished 
by a catheter designed for the delivery of stents and the 
radial expansion can be accomplished by balloon expansion 
of the stent, by self -expansion of the stent, or a combination 
of serf-expansion and balloon expansion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plot showing clution profiles for stents with a 
coating of dexamethasone and poly(L-lactic acid) made 
according to Example 6. 

FIG. 2 is a plot showing elution profiles for sterilized 
stents with a coating of dexamethasone and poly(L-lactic 
acid) made according to Example 7. 

FIG. 3 is a graph showing elution profiles for stents coated 
with colchicine and poly(L-lactic acid) which have an 
overlayer of poly(L-lactic acid). 



FIGS. 4a; 4b and 4c are SEM micrographs of a porous 
poly(L-lactic acid) overlayer applied to a stent 



The present invention relates to a method for making an 
intravascular stent. The underlying structure of the stent can 
be virtually any stent design, whether of the self-expanding 
type or of the balloon-expandable type and whether metal or 

10 polymeric. Thus metal stent designs such as those disclosed 
in U.S. Pat. No. 4.733.665 issued to Palmaz. U.S. Pat No. 
4.800,882 issued to Gianturco or U.S. Pat No. 4,886.062 
issued to Wiktor could be used in the present invention. The 
stent could be made of virtually any bio-compatible material 

15 having physical properties suitable for the design. For 
example, tantalum and stainless steel have been proven 
suitable for many such designs and could be used in the 
present invention. Also, stents made with biostable or bio- 
absorbable polymers such as poly(ethylene terephthalate), 

20 polyacetaL poly(lactic acid). poly(cthylene oxide)/poly 
(butylene terephthalate) copolymer could be used in the 
present invention. Although the stent surface should be clean 
and free from contaminants that may be introduced during 
manufacturing, the stent surface requires no particular sur- 

25 face treatment in order to retain the coating applied in the 
present invention. Both the inner and outer surfaces of the 
stent may be provided with the coating according to the 

In order to provide the coated stent according to the 
present invention, a solution which includes a solvent, a 
polymer dissolved in the solvent and a therapeutic substance 
dispersed in the solvent is first prepared. It is important to 
choose a solvent, a polymer and a therapeutic substance that 
are mutually compatible. It is essential that the solvent is 
capable of placing the polymer into solution at the concen- 
tration desired in the solution. It is also essential that the 
solvent and polymer chosen do not chemically alter the 
therapeutic character of the therapeutic substance. However, 
the therapeutic substance only needs to be dispersed 
w throughout the solvent so that it may be either in a true 
solution with the solvent or dispersed in fine particles in the 
solvent. Examples of some suitable combinations of 
polymer, solvent and therapeutic substance are set forth in 
Table 1 below. 

♦5 

TABLE 1 

POLYMER SOLVENT THERAPEUTIC SUBSTANCE 




The solution is applied to the stent and the solvent is 
allowed to evaporate, thereby leaving on the stent surface a 
coating of the polymer and the therapeutic substance. 
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Typically, the solution can be applied to the stent by either 
spraying the solution onto the stent or immersing the stent in 
the solution. Whether one chooses application by immersion 
or application by spraying depends principally on the vis- 
cosity and surface tension of the solution, however, it has 
been found that spraying in a fine spray such as that 
available from an airbrush will provide a coating with the 
greatest uniformity and will provide the greatest control over 
the amount of coating material to be applied to the stent. In 
either a coating applied by spraying or by immersion, i 
multiple application steps are generally desirable to provide 
improved coating uniformity and improved control over the 
amount of therapeutic substance to be applied to the stent. 

The polymer chosen must be a polymer that is biocom- 
patible and imnimizes irritation to the vessel wall when the j 
stent is implanted. The polymer may be either a biostable or 
a bioabsorbable polymer depending on the desired rate of 
release or the desired degree of polymer stability, but a 
bioabsorbable polymer is probably more desirable since, 
unlilce a biostable polymer, it will not be present long after 2 
implantation to cause any adverse, chronic local response. 
Bioabsorbable polymers that could be used include poly(L- 
lactic add), polycaprolactooe. poly(lactide-co-glycolide), 
poly(hydroxybutyrate), poly(hydroxybutyrate-co-valerate), 
polydioxanone, polyorthoester, polyanhydride. poly 2 
(glycolic add). pc4y(DX-lactic acid), poly(glycolic acid-co- 
trimethylene carbonate), polyphosphoester, polyphospho- 
ester urethane, poly (amino acids), cyanoacrylates. poly 
(trimethylene carbonate), poly(iminocarbonate). copoly 
(ether-esters) (e.g. PEO/PLA), polyalkylene oxalates, j 
polyphosphazenes and bioraolecules such as fibrin, 
fibrinogen, cellulose, starch, collagen and hyaluronic add. 
Also, biostable polymers with a relatively low chronic tissue 
response such as polyurethanes, silicones, and polyesters 
could be used and other polymers could also be used if they 3 
can be dissolved and cured or polymerized on the stent such 
as polyolefins. polyisobutylene and ethylene-alphaolefin 
copolymers; acrylic polymers and copolymers, vinyl halide 
polymers and copolymers, such as polyvinyl chloride; poly- 
vinyl ethers, such as polyvinyl methyl ether; polyvinylidene 4 
halides. such as polyvinylidene fluoride and polyvinylidene 
chloride; polyacrylonitrile. polyvinyl ketones; polyvinyl 
aromatics. such as polystyrene, polyvinyl esters, such as 
polyvinyl acetate; copolymers of vinyl monomers with each 
other and olefins, such as ethylene-methyl methacrylate 4 
copolymers, acrylonitrile-styrene copolymers, ABS resins, 
and ethylene-vinyl acetate copolymers; polyamides, such as 
Nylon 66 and polycaprolactam; alkyd resins; polycarbon- 
ates; polyoxyrnethyleoes; polyimides; polyethers; epoxy 
resins; polyurethanes; rayon; rayon-triacetate; cellulose, eel- s 
lulose acetate, cellulose butyrate; cellulose acetate butyrate; 
cellophane; cellulose nitrate; cellulose propionate; cellulose 
ethers; and carboxymethyl cellulose. 

The ratio of therapeutic substance-to polymer in the 
solution will depend on the efficacy of the polymer in 5: 
securing the therapeutic substance onto the stent and the rate 
at which the coating is to release the therapeutic substance 
to the tissue of the blood vessel. More polymer may be 
needed if it has relatively poor efficacy in retaining the 
therapeutic substance on the stent and more polymer may be & 
needed in order to provide an elution matrix that limits the 
elution of a very soluble therapeutic substance. A wide ratio 
of therapeutic substance to polymer could therefore be 
appropriate and could range from about 10: 1 to about 1 : 100. 

The therapeutic substance used in the present invention 6. 
could be virtually any therapeutic substance which possesses 
desirable therapeutic characteristics for application to a 



blood vessel This can include both solid substances and 
liquid substances. For example, glucocorticoids (e.g. 
dexamethasone, betamethasone), heparin, hirudin, 
tocopherol, angiopeptin. aspirin, ACE inhibitors, growth 
factors, oligonudeotides, and, more generally, antiplatelet 
agents, anticoagulant agents, antimitotic agents, 
antioxidants, antimetabolite agents, and anti-inflammatory 
agents could be used- Antiplatelet agents can include drugs 
such as aspirin and dipyridamole. Aspirin is classified as an 
, analgesic, antipyretic, anti-inflammatory and antiplatelet 
drug. Dypridimole is a drug similar to aspirin in that it has 
anti-platelet characteristics. Dypridimole is also classified as 
a coronary vasodilator. Anticoagulant agents can include 
drugs such as heparin, Coumadin, protamine, hirudin and 
tick anticoagulant protein. Antimitotic agents and antime- 
tabolite agents can include drugs such as colchicine, 
methotrexate, azathioprine. vincristine, vinblastine, 
fluorouraci], adriamycin and mutamycin. Taking colchicine 
for example, colchicine is an ancient drug which was tested 
for restenosis reduction by systemic administration without 
favorable results (see O'Keefe. J H. et al. "Ineffectiveness of 
Colchicine in the Prevention of Restenosis after Coronary 
Angioplasty." JACC 1992; 19(7); 1597-1600). Given its 
unsuccessful use in systcntic administration, it was also 
tested by local administration with the stent coaling of the 
present invention to determine its efficacy. 

In the present invention, the intravascular stem includes a 
coating which includes a polymer and a therapeutic sub- 
stance on the body of a stent, and in particular on its 
tissue-contacting surface in which the coaling has a greater 
concentration of therapeutic substance on the portion of the 
coating nearest the stent body than near the exterior surface 
of the coating. By placing the greater concentration of the 
drug toward the stent body, control over the rate of admin- 
istration of the drug is significantly improved. 

For example, a higher drug-to-polymer ratio in the inner 
layers than in the outer layers would result in a lower initial 
dose and a total dose which would be delivered more evenly 
and over a much longer period of time. In the solid/solid 
solution of polymer and drug of poly (L-lactic acid) and 
colchicine, this can be accomplished while maintaining the 
correct therapeutic dosage by applying to a stent which 
already has a coating containing a desired amount of colchi- 
cine a thin coating layer or several thin overlayers of the 
same poly (L-lactic acid) polymer and chloroform solvent 
without the colchicine while drying the stent between each 
coating layer. Since both the colchicine and poly (L-lactic 
acid) are soluble in the chloroform, the colchicine and poly 
(L-lactic acid) already on the stent body are dissolved 
slightly in the application of each of the coating overlayers 
which creates a concentration gradient of colchicine in the 
overlayers that is sharply reduced from that in the main 
coating nearest the stent body. The effect of this is to alter the 
drug delivery profile for the stent such as that shown in FIG. 
3. In FIG. 3. a coating of 20% colchicine/poly(L-lactic acid) 
was coated with different overlayer thicknesses. In the curve 
given by reference numeral 1, an overlayer was provided 
only on one end of the stent In the curve given by curve 2, 
an overlayer was given to the entire stent. In curve 3, the 
same coating thickness was applied as for curve 2 while in 
curves 4. and 5 coatings two times as thick and six times as 
thick respectively were applied. The effect of these overlay- 
ers was to dramatically decrease the rate at which the 
colchicine eluted such that the colchicine did not completely 
elute out of the stent after the first few days. 

It has also been found that the overlayer described above 
can be made porous. Contrary to expectations, it has been 
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found that the porous overlayer can reduce rather than sone. The solution was placed into a tube. Wiktor type 

increase the rate of drug elution. While not wishing to be tantalum wire stents were dipped rapidly and were allowed 

bound by theory, it is believed that the porous ovcrlaycr is to dry. Each stent was dipped into the solution 12-15 times 

less susceptible to cracking as the stent undergoes deforma- to provide a white surface coating. Two stents were placed 

tion during handling and implantation. For example, with a 5 on an angioplasty balloon and were inflated on the balloon. 

Wiktor type stent, the coating is applied to a stent which is Approximately 80% of the dexamethasone coating flaked off 

in an expanded form. Once the coating is dried, the stent is of the stents, 
crimped onto a delivery balloon which causes various stent 

elements and the coating to bend. During implantation, the EXAMPLE 3 

delivery balloon expands, again deforming the stent ele- to A solutioD rf l% dexamethasone md 0 .5% poly 

ments and coating. In a very uniform overlayer made with (caprolactODe) (Aldrich ig.160-9) in acetone was made. The 

materials which have little elasticity, the overlayer can somof) was placed ^ a ^ wiktor ^ wire 

sustain significant cracking during such deformation. These stents wae a d rapi(j]y and WCTe ^^ci to ^ Each 

cracks can then act as channels for more rapid elunon of ^ was ^ ^ n _ l5 ^ fo a 

drugs from the drug-nch base coaUng. 15 wM(e $urface coa(iag A stem $Q coated was expanded on a 

It has been found that cracking of the overlayer can be 3 5 angioplasty balloon causing a significant amount of 

reduced and drug elution times increased by providing a me coa ting to become detached, 
porous overlayer on the stent. A suitable porous coating can 

be provided, for example, by phase inversion precipitation EXAMPLE 4 

of the polymer in the overlayer. According to this technique, 2° 

a solution of a polymer is prepared in a mixture of two A «*uhon of 1% d«amethasone and 0.5% poly(lactic 

miscible solvents, one of which being a poorer solvent for acid-co-glyeolic acid) (Medisorb) in acetone was made. The 

this polymer and less volatile than the other solvent When ^lubon was placed into a tube. Wdaor type tantalum wire 

the solution is allowed to dry, there becomes a moment when *tenU were dipped rapidly and were allowed to dry. Each 

the good solvent has sufficiently evaporated for causing the 25 stent was dipped into the solution 12-15 times to provide a 

polymer to slowly precipitate which results, after complete white surface coating. A stent so coated was expanded on a 

drying, in an opened porous structure. For example, when 3.5 mm angioplasty balloon causing only a smaU portion of 

using poly(L-lactic acid) as the polymer, a suitable solvent the coating (less than 25%) to become detached) 

composition can include about a 40/60%(w/w) isooctane/ EXAMPLE 5 

chloroform solution. This solution should be mixed care- 30 

fully to avoid precipitation during the mixing process. The a solution including a 2% dispersion of dexamethasone 

better solvent for the polymer should dissolve the polymer and a 1% solution of poly(L-lactic acid) (CCA Blochem 

first (i.e. a solution of poly(L-lactic acid) and chloroform MW=550,000) in chloroform was made. The solution was 

should be made first). A mixture of the solvents should then placed into an airbrush (Badger). Wiktor type tantalum wire 

be added to the polymer solution to bring the ingredients to 35 stents were sprayed in short bursts and were allowed to dry. 

the desired concentration (i.e. a mixture of isooctane and Each stent was sprayed with the solution about 20 times to 

chloroform is added to the poly(L-lactic add) solution). This provide a white surface coating. A stent so coated was 

rriixture is then applied to the stent in the same manner as set expanded on a 3.5 mm angioplasty balloon. The coating 

forth above. It will be appreciated by those skilled in the art remained attached to the stent throughout the procedure, 

that the nature of the ingredients and the relative concen- 40 

nations of the ingredients will determine the size of pores. EXAMPLE 6 

Phase inversion precipitation techniques are well known in A , 2% ^ ion of dexametha sone 

the manufacture of porous polymeric membranes. (See e.g. ^ a l% of j (L . lacbc acid) (CCA Blochem 

van de Witte et at. Polyacude Membranes, Correlatwn j^^o^ ^ ^ ofonD was mde . The solution was 

^"P^L^'^^.^^'J?^. ^ placed into an airbrush (Badger #250-2). Wiktor type tan- 
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taium wire stents were suspended from a fixture and sprayed 



tlAAU. iyv4). l n 24 short bursts (6 bursts from each of the four directions 

The following examples are exemplary of various aspects perpendicular to the stent axis) and were allowed to dry. The 



of the invention. w resulting stents had a coating weight of about 0.0006-0.0015 

grams. Three of the stents were tested for long term elution 

EXA ^ LE by placing one stent in 3.0 ml of phosphate buffered saline 

A 1% solution of dexamethasone in acetone was made, solution (pH=7.4) at room temperature without stirring. The 

forming a clear solution. The solution was placed in an amount of dexamethasone eluted was evaluated by measur- 

airbtush reservoir (Badger #200). Wiktor type tantalum wire 5J ing absorbance at 244 nm in a UV-VIS spectrophotometer, 

stents were sprayed with the solution in short bursts while The results of this test are given in FIG. 1. 
rotating the stents. The acetone quickly evaporated from the 

stents, leaving a white residue on the stent wire. The process EXAMPLE 7 

was continued until all of the stent wires were coated. The A solution including a 2% dispersion of dexamethasone 

drug elution rate for the stent was determined by immersing w a 1% solution of poly(L-lactic acid) (Medisorb 100-L) 

the stent in phosphate buffered saline solution (pH=7.4). in chloroform was made along with a control solution of 1% 

Traces of dexamethasone were observed to remain on the of po]y(L-lactic acid) (Medisorb 100-L) in chloroform. The 

immersed stents for less than 31 hours. solutions was placed into an airbrush (Badger #250-2). 

Wiktor type tantalum wire stents were expanded on a 3.0 

k^AMFLfa L 65 mm balloon, suspended from a fixture and sprayed in 16 

A 2% solution of dexamethasone in acetone was made, short bursts (2-3 bursts of about 1 second followed by 

forming a solution with suspended particles of dexametha- several minutes drying time between applications). The 
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A 40/60% (wAv) isooctane/chloroform solution was used 
containing 0.5% poly(L-lactic add). The solution was made 
by adding 2.0 g of a solution of 5.0% Poly(L-lactic acid) in 
chloroform to a pre-mixed solution of 8.0 g isooctane and 
, 10.0 g chloroform. An airbrush apparatus (Badger #250-2) 
was used to apply the solution to Wiktor stents under the 
following conditions: 
Air pressure=30 psi 
Burst duration=0.5 second 
Nozzle to stent distance=30 mm 

Tune between bursts=5-7 seconds (coating turns white) 
Ambient temperature and humidity 
Stents were rotated 5 /i6 of a turn after each burst and sprayed 



resulting dexamethasone-coated stents had an average coat- 
ing weight of about 0.0012 grams while the polymer-coated 
stents had an average polymer weight of about 0.0004 
grams. The stents were sterilized in ethylene oxide. Three of 
the sterilized dexamethasone-coated stents were tested for . 
long term elution by placing one stent in 3.0 ml of phosphate 
buffered saline solution (pH=7.4) at room temperature with- 
out stirring. The amount of dexamethasone eluted was 
evaluated by measuring absorbance at 244 mn in a LTV- VIS 
spectrophotometer. The results of this test are given in FIG. ( 
2. Dexamethasone-coated stents and polymer-coated control 
stents were implanted in the coronary arteries of 8 pigs 
(N=12 for each type) according to the method set forth in 
"Restenosis After Balloon Angioplasty— A Practical Prolif- 

and "Restenosis and the Proportional Neointimal Response drying, *e stents were ftxtured at tfx : ottw end i«k the 
to Coronary Artery Injury: Results in a Porcine Model" by second half was coated. After overnight vacuum drying at 
Robert S. Schwartz et al. J Am Coll Cardiol: 19; 267-74 80° C. the stents were weighed. Additional coatings were 
Feb 1992 with the result that when compared with the applied using the same conditions to bring each stent up to 
controls, the dexamethasone-coated stents reduced the 20 the target weight The completed stents were vacuum dried 
amount of proliferation associated with the arterial injury. at 80° C. for 7 days. The stents were tested for mechanical 

adhesion of the coating during crimping and expansion 
EXAMPLE 8 operations. The coating was finally fractured by straighten- 

Stents were coated with colchicine and poly(L-lactic i ng out the sinusoidal wave of the stent and the coating was 
add)formulations for in vivo testing. Solutions of poly(L- 2 5 pulled off with a tweezers to produce the SEM micrographs 
lactic acid) and colchicine in chloroform were prepared and shown on FIGS. 4a-4c of the coating at 180X. 720X and 
mixed to provide a desired percentage of colchicine in the 2000X respectively. 

coating with the poly(L-lactic acid) content of the solution ft will be appreciated by those skilled in the art that while 
maintained at about 1%. The solutions was placed into an the invention has been described above in connection with 
airbrush (Badger #250-2). Wiktor type tantalum wire stents 30 particular emrwdiments and examples, the invention is not 
were expanded on a 3.0 mm balloon, suspended from a necessarily so limited and that numerous other 
fixture and sprayed in short bursts (bursts of about 1 second). embodiments, examples, uses, modifications and departures 
After an mount of colchicine had been applied to each stent, from the embodiments, examples and uses may be made 
the stents were dried in air for at least about thirty minutes without departing from the inventive concepts, 
and then further dried in a vacuum drying oven at about 80 35 We claim: 

0 C. The stents were removed from the drying oven and 1. A method for providing a therapeutic substance into a 

weighed. Any difference between the target weight of body lumen comprising the steps of: 

* (a) providing a cylindrical, radially expandable stent 

body; 

(b) applying to the stent body a solution which includes a 
solvent, a polymer dissolved in the solvent and a 
therapeutic substance dispersed in the solvent; 

(c) evaporating the solvent; 

(d) repeating application and evaporating steps (b) and (c) 
to provide an amount of polymer and a specified dose 
of therapeutic substance on the stent body; 

(e) applying to the polymer and therapeutic substance on 
the stent body an overlayer of the polymer by the steps 
of: 

( 1) applying to the stent body a solution which includes 
the solvent and the polymer dissolved in the solvent 
while maintaining the specified dose of therapeutic 
substance applied in steps (a) to (d) on the stent; 

(2) evaporating the solvent; and 

(3) repeating application and evaporating steps (1) and 
(2) to provide a thickness of polymer on the stent 
body; and 

(f) radially expanding the stent body, applied polymer and 
therapeutic substance such that the polymer and thera- 
peutic substance are retained on the stent body. 

2. A method according to claim 1 wherein the overlayer 
1 applied by spraying. 

3. A method according to claim 1 wherein the overlayer 
1 applied by immersion. 

4. A method according to claim 1 wherein the polymer is 
bioabsorbable polymer. 



colchicine to be applied to each stent and the actual weight 
of colchicine on the stent was noted and the number of 
additional bursts needed to bring each stent to target weight 40 
was estimated. Any weight-deficient stents were then 
brought up to target weight by the application of additional 
bursts of the solution. Any recoated stents were then dried 
and weighed again. A 1% solution of poly(L-lactic acid) in 
chloroform was used to provide an overlayer to the 45 
colchicine-coated stents. A desired number of bursts of the 
solution (i.e. bursts of about 1 second with preferably a 
drying time of about 4 seconds between bursts) was applied 
by spraying in the same manner as the application of the 
base coating and were dried and weighed. The average 50 
amounts of drug and overlayer are given in Table 2. 

TABLE 2 

Lot % drug Drug Mass (mg) Overlayer Mass (wg) 55 



:s were then packaged and gas sterilized. 

EXAMPLE 9 6 
were provided with an overlayer of porous poly 



a phase inversion precipitation technique. 
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5. A method according to claim 4 wherein the polymer is 
selected from the group consisting of poly(lactic acid). 
poly(lactide-co-glycolide) and poly(hydroxybutyrate-co- 
valerate). 

6. A method according to claim 1 wherein the polymer is 5 
a biostable polymer. 

7. A method according to claim 6 wherein the polymer is 
selected from the group consisting of silicones, 
polyurethanes. polyesters, vinyl homopolymers and 
copolymers, acrylate homopolymers and copolymers, poly- to 
ethers and cellulosics. 

8. A method according to claim 1 wherein the solution for 
applying the overlayer further includes a second solvent in 
which the polymer has a lesser solubility. 

9. A method according to claim 1 wherein the drug is 15 
selected from the group consisting of glucocorticoids, 
dexamethasone. dexamethasooe sodium phosphate, 
anticoagulants, heparin, hirudin, tick anticoagulant peptide, 
angiopeptin. antimitotic agents, and oligonucleotides. 

10. A method for making an intravascular stent compris- 20 
ing the steps of: 

(a) providing a cylindrical, radially expandable stent 
body; 
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(b) applying to the stent body a solution which includes a 
solvent, a polymer dissolved in the solvent and a 
therapeutic substance dispersed in the solvent; 

(c) evaporating the solvent; 

(d) repeating application and evaporating steps (b) and (c) 
to provide an amount of polymer and therapeutic 
substance on the stent body; 

(e) eluting a known portion of the therapeutic substance 
from the polymer in an aqueous solution until a speci- 
fied dose of the therapeutic substance is present on the 
stent; and 

(f) radially expanding the stent body, applied polymer and 
therapeutic substance after elution such that the poly- 
mer and therapeutic substance are retained on the stent 

11. A method according to claim 10 wherein the polymer 
is selected from the group consisting of poly(Hactic acid). 
poly(lactide-cc-glycolide). fibrin, silicone, polyurethane. 
and polyfphosphoester urethane). 
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